The plasma homocysteine concentration is a good indicator of various diseases such as cardiovascular disease, stroke, and dementia. This study examined the relationship between plasma homocysteine concentrations and dietary habits in a population of elderly Japanese people from the Amami Islands. Data from 1131 participants collected during a baseline survey for the Japan Multi-institutional Collaborative Cohort study, which is a prospective cohort study, were used. Information on dietary habits was collected using a food frequency questionnaire. The plasma homocysteine concentration was associated with age in women only. Smoking in men and menopause were significantly associated with homocysteine concentrations. Analysis of blood biochemical data showed that estimate of glomerular filtration rate negatively correlated with plasma homocysteine in women (R = −0.91, p < 0.001) and men (R = −0.49, p < 0.001). There was no common food associated with homocysteine concentrations among the groups, but in each group, some food types were associated with homocysteine concentrations. In men, Chinese tea was a common factor showing a negative correlation with homocysteine concentrations. Natto showed a negative correlation with homocysteine concentrations in non-smoking men (β = −0.11, p < 0.05) and premenopausal womHow to cite this paper: Kanouchi, H., Toyoda, K., Miyazaki, H., Mantjoro, E.M., Niimura, H., Kuwabara, K., Nakahata, N.T., Ibusuki, R., Maenohara, S. and Take 
Introduction
Homocysteine (Hcy) is produced during methionine metabolism, which provides the methyl group required for various molecules and DNA methylation.
Many studies have reported on the relationship between homocysteinemia and various diseases, such as CVD, stroke, and dementia [1] . These diseases are associated with Hcy-induced endothelial dysfunction, and Lai and Kan have summarized how Hcy induces endothelial dysfunction [2] . A meta-analysis of interventional studies that sought to lower Hcy using high folate, vitamin B12, and vitamin B6 suggested that Hcy-lowering treatment is not effective at preventing the recurrence of CVD [3] . That meta-analysis concluded that Hcy is not a risk factor, but it agreed that the concentration of Hcy is a good indicator of various diseases. More recently, Li et al. performed a meta-analysis of randomized controlled trials and concluded that there is a greater benefit for the prevention of CVD among participants without pre-existing CVD or with a high plasma Hcy concentration [4] . It is thought that measuring the plasma Hcy concentration could be a useful biomarker providing information about health.
Aging is a risk factor for CVD, stroke, and dementia. Plasma Hcy concentrations also increase with age [5] . Although there is no definitive evidence for why aging is associated with increased Hcy concentrations, it may be related to kidney function, as the kidneys are a key organ in Hcy metabolism [6] , and kidney function declines with age.
Different types of food can affect Hcy metabolism, and food that contains vitamins such as folate, vitamin B12, or vitamin B6 is essential for Hcy metabolism. To the best of our knowledge, there are only four studies reporting on blood Hcy concentrations and food consumption in Japanese populations [7] [8] [9] [10]. Maruyama et al. used a dietary record for 2 -3 days to evaluate nutrient intake of participants in one study. Usually, the dietary record period is short because this method requires participants to be highly motivated to keep records of their diet. A dietary record kept for a long period is necessary to determine the true dietary habits of a person.
A self-administrated diet history questionnaire (also called a FFQ) is a useful and nutrient intake using a well-designed FFQ to estimate folate, vitamin B6, and vitamin B12 intake in the elderly, but the FFQ did not provide sufficient data to determine all the dietary habits of the participants. In their study, they concluded that dietary intake of folate and vitamin B12 and the plasma Hcy concentration had a negative correlation [10] .
Because the plasma Hcy concentration increases with age, the relationship between plasma Hcy and dietary habits should be compared in the elderly. The current study examined the relationship between plasma Hcy concentrations and food intake in elderly Japanese people using data collected from a FFQ.
The Japan Multi-institutional Collaborative Cohort (J-MICC) study has been running since 2005 [11] . The research group of the current study participates in the J-MICC study and collects data in the Amami Islands, which are located in south-western Japan. The current study used data and plasma collected from a baseline survey for the Amami Islands. Recently, we reported that plasma Hcy concentrations were associated with arterial stiffness among men in this area [12] .
Materials and Methods

Population
The study was based on a cross-sectional study of people aged 40 -69 years in Ohshima-gun in the Amami Islands, which are located in south-western Japan.
Data and blood were collected from participants undergoing routine health checkups that were conducted by the local government or private companies, after receiving each person's written informed consent. The survey comprised a questionnaire and blood collection was conducted in October 2005. In total there were 1131 participants (618 women and 513 men). Participants were excluded from the study if they had missing questionnaire data or biochemical parameters for blood. Finally, 1099 participants were included in the analysis.
This study was conducted with the approval of the Ethics Committee of Epi- 
Data Collection
We used the standardized questionnaire that was used in the J-MICC study [11] .
The questionnaire included questions regarding smoking, alcohol, prescription medicine, and FFQ. The FFQ collected information on average food consumption of 43 food items and eight types of non-alcoholic drisnks (Table 1 ) [12] . To evaluate food consumption, the number of times each type of food was consumed was given a score: 1) none; 2) 1 -3 times/month; 3) 1 -2 times/week; 4) Mushroom 2.7 ± 1.3 2.7 ± 1.3 2.6 ± 1.3 3.5 ± 1.3* 3.5 ± 1.3 3.5 ± 1.4
Sea weed 3.1 ± 1.5 3.2 ± 1.5 3.0 ± 1.4 3.8 ± 1.5* 3.6 ± 1.5 3.9 ± 1. Serving frequency was expressed as below, 1) none; 2) 1 -3 times/month; 3) 1 -2 times/week; 4) 3 -4 times/week; 5) 5 -6 times/week: 6) 1 times/day; 7) 2 times/day; 8) >3 times/day. ‡ Drinking volumes was expressed as below, 1) none; 2) <2 cups/week; 3) 3 -4 cups/week; 4) 5 -6 cups/week; 5) 1 -2 cups/day: 6) 3 -4 cups/day; 7) >5 cups/day. One cup is 175 mL. *Significant difference between men and women, p < 0.05. ‡ Significant difference be- times/day. For drinks, the number of times (measured in cups) each drink was consumed was given a score: 1) none; 2) <2 cups/week; 3) 3 -4 cups/week; 4) 5 -6 cups/week; 5) 1 -2 cups/day: 6) 3 -4 cups/day; 7) >5 cups/day. One cup was 175 mL. The accuracy of the FFQ was evaluated by weighed dietary records [13] .
The methods used for the collection of physiological data and biochemical parameters of blood including Hcy have been described previously [13] .
Statistical Analysis
All experimental data were analyzed with JMP software (ver. 9; SAS Institute Japan Ltd., Tokyo, Japan). We first evaluated whether the Hcy concentration was effected by sex, smoking, menopause, or drug use. Sex, smoking in men, and menopause were associated with Hcy concentration but drug use was not.
Therefore, we divided participants by these factors in the analysis. The unpaired Student t-test was used for comparisons between two groups. ANOVA was used for comparisons of physiological data among three Hcy concentrations. Stepwise regression was used for the analysis of the relationship between Hcy concentration and food consumption. Factors were chosen if they had an F-value > 2. Biological data such as HDL, FBS, BUN, and eGFR were added as factors in men.
Age, BUN, eGFR, and lactate dehydrogenase (LDH) were added as factors in women. All data are expressed as the average ± SD. A p-value < 0.05 was considered statistically significant.
Results and Discussion
Participant Data
The Hcy concentration was significantly lower in women compared with men.
This finding aligns with previous research [7] . Table 2 shows the analysis by sex.
Age showed a weak positive correlation with Hcy concentration in women (r = 0.17, p < 0.0001) but not in men. Age has previously been noted to be associated with increased Hcy concentrations. All participants were more than 40 years old in the current study. It is possible that the absence of a strong correlation between Hcy and age in men resulted from the age of participants. The Hcy concentration may increase up until the age of ~40 years in men and then be maintained at the same level thereafter. Our previous unpublished results showed that the mean Hcy concentration was low in young people (10.8 ± 4.3 µM; 26.3 ± 6.1 years old; n = 9). It is reported that plasma Hcy concentrations increase in postmenopausal women [15] . In the current study, the Hcy concentration of premenopausal women was 1.6 μM higher than postmenopausal women. Several studies report that estrogen can reduce plasma Hcy concentrations, with low Hcy concentrations being observed in women [16] . It is, however, unclear how estrogen reduces the Hcy concentration.
Biomarker Trends by Hcy Concentration
Participants were divided into three groups by Hcy concentration: low, <15 μM; middle, ≤15 to <20 μM; and high, ≥20 μM [17] . We observed that BUN, Cr, and uric acid levels increased according to Hcy concentration in both women and men ( There is a tendency for increases in ALT but not AST to accompany increasing Hcy concentrations. ALT is a marker of liver inflammation. The liver, and particularly the kidney, are the major organs of Hcy metabolism [6] . Kidney function appears to be closely associated with homocysteinemia. In the current study, LDH was significantly associated with Hcy concentrations in women only.
LDH is also one of the markers of liver injury.
We evaluated whether the Hcy concentration was affected by drug use and found that antihypertensive drugs, antidiabetic drugs, hypocholesterolemic drugs, painkillers, and sleeping pills did not affect the Hcy concentration in both women and men (data not shown).
Relationship between Food Consumption and Hcy Concentration
We divided the population into non-smoking and smoking men and pre or postmenopausal women. Data of food consumption by group are shown in Table 1. Multivariate analysis was conducted using the stepwise method to determine the association between Hcy concentration and food consumption ( Consumption of eggs and processed foods from fish eggs in the smoking men group was significantly associated with a low Hcy concentration. Postmeno pausal women also showed the same tendency, but this was not significant (p = 0.0959). Generally, eggs are not folate-rich foods. Some reports have suggested that the bio-availability of folate is different among different food groups. Monoglutamyl folate is a major form of folate in eggs, whereas polyglutamyl folate is the major form in vegetables. To absorb folate, deconjugation of glutamate is needed [22] . Although there is no difference in bio-availability between polyglutamyl folate and monoglutamyl folate [23] , polyglutamyl folate is more easily broken down in the cooking process compared with monoglutamyl folate [24] .
Therefore, the bio-availability of folate in eggs may be higher than that in vegetables. Eggs are also a rich source of choline in the form of a phosphatidylcholine. Choline is used in the methylation of Hcy to methionine [25] .
In the current study, processed soybean foods, including Natto, Tofu, and Miso soup, were associated with low Hcy concentrations in women and men, but the types of processed soybean foods associated with Hcy concentrations were different among the groups. Soybeans fermented by Bacillus subtilis var.
natto, called "Natto" in Japanese, is recognized as a significant factor associated with plasma Hcy concentrations in non-smoking men and premenopausal women. Tofu, which is coagulated soymilk using minerals, showed a slight association with low Hcy levels in the smoking men group (p = 0.0527). Miso, which is fermented by Aspergillus oryzae, is a Japanese seasoning and is used for Miso soup, and showed a significant association with low Hcy concentrations in postmenopausal women. Soybeans contain a small amount of folate compared with vegetables but also contain isoflavones. Isoflavones act in a similar way to estrogen. As mentioned, estrogen could result in a decrease in the Hcy concentration. We suspect that isoflavones in soybean products decrease the Hcy concentration. Song et al. conducted a meta-analysis on the relationship between soybean products and plasma Hcy concentrations. They concluded that soybean products did not have an association with the reduction in the Hcy concentration [26] . Their report did not contain any studies of Japanese populations. Further studies are needed to determine the relationship between soybean consumption and plasma Hcy concentrations.
Chinese tea showed a significant association with low Hcy concentrations in men but not in women. Oolong tea and jasmine tea were included in the Chinese tea category in the current study. There was no difference in consumption between a high intake of green or oolong tea and an increase in the plasma Hcy concentration [8] . No association was observed between green tea and Hcy concentration in the current study. Further studies are needed to determine the effects of catechins on plasma Hcy concentrations in elderly Japanese people.
Mushroom consumption showed a slight but not significant association with low Hcy concentrations in the smoking men group (p = 0.0795) and in the premenopausal women group (p = 0.0573). Yang et al. reported that Lentinus edodes (Shiitake mushroom), the most popular mushroom in Japan, was associated with a decrease in the Hcy concentration in a mouse model of homocysteinemia [30] . The mechanism behind the Hcy-reducing effect of Lentinus edodes has not been determined.
In a study examining the relationship between dietary habits and plasma Hcy concentrations in a United States population, Ganji and Kafai reported that seafood, eggs, rice, pasta, bread, starches, meat, and fat were not associated with Hcy concentrations [31] . In the current study, there was a positive correlation between plasma Hcy levels and butter, beef or pork, canned tuna, pumpkin, and potato. Soft drinks were also associated with a high plasma Hcy concentration.
Ganji and Kafai suggested that there was little tendency for soft drinks to increase serum Hcy concentrations. They also reported that frequent consumption of milk and yoghurt were inversely association with the serum Hcy concentration. Our results showed that the consumption of yoghurt in postmenopausal women had a negative association with plasma Hcy concentrations. These differences may have resulted from the ages of the two studies, with their population being younger than the current study. Mean of age of participants was 39.9 years and the maximum mean for serum Hcy concentration was 10.6 µM in their analysis.
This study has several limitations that must be considered when interpreting the results. First, we did not convert food consumption data to nutrient content.
Comparisons should be made between plasma Hcy concentration and intake of folate, vitamin B 12 and vitamin B 6 , because they were associated with the plasma Hcy concentration. Second, dietary habits in the Amami Islands may be different from other regions of Japan. The Amami Islands are known to be a region of high longevity. While the variety of foods available in the Amami Islands could be different to the mainland, transportation means that almost all food types can be found in grocery stores in Japan. Third, the number of participants in each study group was not large, as the total population was divided into groups by sex, smoking, and menopausal state.
Conclusion
In this population of elderly Japanese people from the Amami Islands, folate-rich foods such as brightly colored vegetables were associated with low plasma Hcy concentrations. Natto in non-smoking men and in premenopausal women and Chinese tea in men might be helpful to reduce plasma Hcy concentrations.
